ontologies; comparative genomics; model organism; bioinformatics; physiological genomics RAT RESEARCH HAS BEEN revolutionized by the release of the draft genome sequence of the rat (8) , completing the basic genome resources required to facilitate better understanding of disease in this animal model of critical clinical relevance. The rat is primarily known as a "physiological" model and is a dominant model in nutrition, neuroscience, pharmacology, toxicology, and physiology. Given the need to annotate the human genome with function, linking the rat into this process is a logical and necessary requirement if we are to accelerate improvements in health care. The Rat Genome Database (RGD) is the model organism database tasked with the curation and integration of genomic data with a focus on the use of the rat as a model system for the study of the genetic basis of complex phenotypes (6) .
The rat provides a wide variety of experimental approaches for physiological genomics, greatly facilitated by the many genetically characterized strains of rat, each with unique phenotypic characteristics. A popular paradigm for the study of the genetic basis of complex phenotypes in the rat is shown in Fig.  1 , illustrating the use of these specific inbred strains to identify genomic regions associated with a phenotype and the ultimate identification of the gene(s) responsible. Also highlighted in this Fig. 1 is the translational nature of rat research, the need to relate results to human systems and the human genome. Devising effective ways to facilitate this translation between systems is one of the most significant biological and bioinformatic challenges being faced by the scientific community today. There are two approaches to this problem: translation of information from one system to the corresponding information in the other system via some form of translation table, or the adoption of a "lingua franca" such that both systems describe information in the same fashion, using agreed-upon terms and definitions. Comparative genomics relies on the first approach, translating genomic data from one system to another via homologous genomic regions. The development of biological ontologies epitomizes the second approach, the integration of data from multiple organisms via annotations from shared ontologies. Ontologies are structured vocabularies of terms with previously agreed-upon definitions, of which the Gene Ontology is perhaps the most well-developed biological example (2) . RGD employs both of these approaches in its curation and tool development, allowing the subsequent data integration. Shared ontologies allow phenotype, disease, pathway, and gene functional data to be incorporated from multiple species; curated gene orthologs (genes evolved from a common ancestral gene that share significant sequence homology and usually identical function across 2 or more species) and comparative maps built using rat, mouse, and human genomes allow a direct biological connection between species. Together, these approaches underlie the RGD toolset, defining the primary-use cases for the database and the data and tools presented.
Like other databases, RGD curates and compiles data from published research but has gone further to provide researchers with not only the data but also with tools to accelerate the use of this data in their ongoing research. The close associations of active research groups with the RGD bioinformatics staff highlighted the needs of researchers to access and interpret this data in specific ways. This in turn led to the development of a variety of web-based applications targeted at the specific needs of researchers using the rat as a model system for physiological Article published online before print. See web site for date of publication (http://physiolgenomics.physiology.org).
genomics. Like any toolbox, each tool has an appropriate use and is often best employed in concert with others to create the final result. Here we describe the bioinformatic resources available at RGD and present strategies for their application to physiological genomics. Physiological genomics has been described as "research directed towards the understanding of the relationship of genes to complex physiological functions" (5) . In this respect, much of the focus of RGD is on providing data and tools for physiological genomics research. To illustrate specific tools and their use, we have identified four prominent research "tracks" that comprise a significant cross-section of physiological genomics-related uses. These tracks are Positional Cloning, the use of genomic techniques to locate and identify gene(s) related to a phenotype of interest; Comparative Genomics, the analysis and comparison of genomes from different species; Expression Profiling, the use of techniques such as microarray analysis to detect gene expression differences related to a phenotype of interest; and Functional Genomics, experiments aimed at understanding the function of specific genes. These categories are somewhat artificial in that a research project will often utilize aspects of some or all of these tracks at the same time. However, they serve as a convenient framework for the following descriptions. Here we illustrate the interconnected nature of the tools and data and guide the reader to means of choosing the tools most likely to be applicable to his/her research.
MATERIALS AND METHODS
The RGD is an online resource available at http://rgd.mcw.edu. Little specific software is required to use the database beyond a standard web browser (e.g., Internet Explorer, Firefox, Safari, Mozilla). The Virtual Comparative Map (VCMap) tool does require that a Java virtual machine be present; however, this is almost certainly preinstalled on most desktop systems. For the server itself, the database uses Oracle 9i, and the website is driven by Oracle Application Server using an embedded Apache web server to serve standard web pages and Common Gateway Interface (CGI) scripts, and a Java container to host various Java Server Pages and servlets. The public website runs on a SunFire V480 server [4 900-MHz processors, 16 GB of random access memory (RAM) with 1.2 GB devoted to the database, 72 GB hard disk] running Solaris 2.9. Many of the RGD tools presented here are Perl CGI scripts. Several tools use Java, including VCMap, MetaGene, RGD Advanced Search, RGD Quick Search, and GViewer, along with the standard quantitative trait loci (QTLs) and simple sequence length polymorphism (SSLP) standard interfaces. Most of the Java applications use Java Server Pages (JSP)/servlet technologies. The VCMap and MetaGene tools use Java applets to provide a graphic user interface to the comparative mapping data and sequence data. RGD utilizes a variety of third-party tools, most notably the Gbrowse genome browser (v1.61) created by Lincoln Stein (17) . In addition, RGD provides access to standard sequence analysis tools such as BLAST-Like Alignment Tool (BLAT) (11) , Basic Local Alignment Search Tool (BLAST) (1), and RepeatMasker (http://www.repeatmasker.org). The database project may be cited by referring to the most recent article (6) , and the best methods for citing specific resources are described in the guidelines posted online (http://rgd.mcw.edu/cite.shtml). Fig. 1 . Overview of physiological genomics in the rat and the various translational technologies available to relate rat research to human systems. Left: traditional positional cloning techniques whereby 2 rats, 1 possessing the phenotype of interest and the other being a nonaffected control strain, are crossed, and the progeny are genotyped and phenotyped leading to the definition of quantitative trait loci (QTLs) linking the phenotype to specific regions of the genome. The regions are then examined for potential candidate genes, and comparative genomics is used to integrate evidence from other organisms or to translate results to the human genome. Translation of information to the human system is also becoming possible using informatic tools such as ontologies. Various ontologies are shown connecting elements of the experimental paradigm to related human data.
RGD data. The major types of data curated by RGD are shown in Fig. 2 . The focus of the database is on the curation of rat genes and their function, and to this end we also curate information about rat strains, SSLP (also known as microsatellite) markers that are often used in the mapping of genes to specific phenotypes, and the QTLs that result from these studies. For an excellent outline of the experimental techniques involved in the genetic analyses of complex phenotypes in the rat, see the review by John Rapp (15) . RGD also maintains mouse and targeted human QTL data to facilitate comparative QTL mapping. All mouse QTL data are downloaded on a regular basis from the Mouse Genome Database (4) and linked to the mouse genome by a mixture of techniques. For mouse QTL with two flanking markers, the locations of these markers on the genome are used directly to define the QTL's position. In the case of QTL with a single peak marker, the location of the peak marker is determined on the genome directly or by using the nearest mapped marker. The span of the QTL is artificially set to 36 Mb (the average mouse QTL size for those QTLs with mapped flanking markers), and flanking markers selected from the genome were spaced at 18 Mb on either side of the peak location. Human QTL data for phenotypes related to popular areas of rat research are curated from the literature by the RGD curation team; flanking markers defining the span of the QTL are extracted from the relevant references. Human phenotypes targeted to date include arthritis, blood pressure, asthma, chronic obstructive pulmonary disease, obesity, and diabetes with regular literature searches being performed to stay current with ongoing research. To aid in linking the genes and markers to the genome, various sets of mapping data are also maintained for published whole genome, genetic and radiation hybrid maps (12, 16) in addition to gene and marker sequences and the genomic locations of these sequences on the current build of the rat genome (release 3.1). The curation methods used at RGD are a mixture of manual and informatic processes. The informatic steps compare incoming data against existing curated data, flagging inconsistencies for manual review. The manual curation processes create much of the biological content of the database. Key facts are extracted from published articles and incorporated into the database as categorized notes or annotations from various controlled vocabularies such as Gene Ontology (2) and phenotype and disease and pathway ontologies in development at RGD. Quick Search Provides comprehensive keyword search of the majority of the database content. An advanced version of the search is also available that allows Boolean operators and the ability to limit the search results to specific database objects. http://rgd.mcw.edu/generalSearch/advSearch.jsp Ontology Browser
Enables the user to browse the various ontologies within RGD and quickly find objects annotated to those ontology terms. Incorporates the Gviewer panel to show the genomic locations of the annotated objects. http://rgd.mcw.edu/ tools/ontology/ont_search.cgi Genome Browser
Utilizing the generic Gbrowse tool (17), the genome browser provides a graphic view of the rat genome and its annotation http://rgd.mcw.edu/sequenceresources/gbrowse.shtml VCMap Virtual Comparative Map is a Java tool that graphically presents the syntenic relationships between the rat, mouse, and human genomes, allowing multiple maps from multiple organisms to be aligned at one time (19) http://rgd.mcw.edu/VCMAP Gviewer Displays a graphical overview of the genomic locations of selected objects aligned to the rat cytogenetic map. Not shown are splice variants, which are curated as a subset of genes, and rat single nucleotide polymorphism (SNP) data, which are available via the RGD Gbrowse genome browser but are not currently part of the main RGD curated database.
RESULTS

RGD tools and strategies for physiological genomics.
Although not covered in detail here, RGD provides standard search interfaces for each of the types of data listed in Fig. 2 . These provide core search functions specific to the data type, allowing varying degrees of search complexity and the ability to order and limit the returned results. Standard interfaces are useful for finding specific data objects (a particular gene or SSLP for example) or when the Quick Search returns too many hits and limiting parameters are needed.
The major research-oriented tools available on RGD are listed in Table 1 along with a brief description of each tool's primary function. Figure 3 provides a more extensive comparison between the tools, indicating their general functionality and their applicability to the four research tracks outlined below. Help documentation for all RGD data and tools is available on the RGD Help Pages (http://rgd.mcw.edu/tu/ index.shtml). The tool documentation describes each tool discussed in this article, and it provides a definition for the tool and suggested uses along with descriptions of required input data and the available output formats.
Positional cloning. An overview is shown in Fig. 4 . The assumption is that a researcher wishes to positionally clone genes contributing to a phenotype exhibited by a particular inbred strain of rat. An initial search of RGD using the Quick Search could be used to find strains exhibiting an appropriate phenotype. Any existing QTLs for this phenotype would also suggest potential affected and control strains and would indicate known candidate regions and/or genes. Having selected two strains to cross, Genome Scanner could be used to select polymorphic SSLPs (or microsatellite) markers at regular intervals across the genome to be used in the genetic mapping of the cross. This tool utilizes the extensive microsatellite allele data set in RGD derived from the Allele Characterization Project (ACP) undertaken at the Medical College of Wisconsin, in which Ͼ4,200 microsatellites were genotyped in 48 commonly used inbred rat strains (16) . The SSLPs selected can be used to genotype the experimental progeny, resulting in the identification of a novel QTL for the phenotype being studied. Having identified a QTL region for further study, a variety of tools can be applied in the experimental analysis stage. Alternatively, the investigator may begin with the QTLs that have already been mapped and the intervals defined in RGD.
After defining a QTL, attention turns to the genes within that region to identify the positional candidate genes and to the genetic markers that may be needed for a higher-resolution mapping study. Three tools are particularly relevant at this stage: the Genome Browser, for graphic exploration of a region; the Genome Annotation Tool, to list and download raw sequence data for a region [accession nos. and basic information for expressed sequence tags (ESTs), mRNAs, genes, etc.]; and the Gene Annotation Tool, which lists functional annotation for the genes within the region.
The "Genome Browser" provides a convenient graphic method to identify genes, markers, single nucleotide polymorphisms (SNPs), other QTLs, congenic strains, and many other features present in the specified region. The Genome Browser has a novel functional annotation track that can depict ontology annotations, graphically showing such things as known phenotype, disease, and pathway associations useful for identifying potential candidate genes. The "Genome Annotation Tool" provides access to the individual sequence objects present in the region (sequence accession nos. for RefSeq and RGD gene records, SSLPs, ESTs, mRNAs), which can be downloaded and used in subsequent bioinformatic mining steps. For further analysis of the individual genes in the QTL region, the "Gene Annotation Tool" provides access to a broad spectrum of gene annotations drawn from RGD, EntrezGene (13), Universal Protein Resource (UniProt) (3), and Kyoto Encyclopedia of Genes and Genomes (KEGG) (10), including ontology annotations that may provide functional information about a gene. The specific steps needed to use these three tools for the annotation of a genomic region are shown in Box 1 (see APPENDIX). Readers are encouraged to try these examples to see the basic use of each tool and to use them as a starting point for the annotation of a region relevant to their own interests.
If similar phenotypes have been mapped to syntenic regions in mouse and human, this increases the confidence in the association in rat and facilitates translational studies; VCMap is the ideal tool for this role and is described in more detail in Comparative genomics, below. As an aid to guide further rat studies, an application unique to RGD, ACP Haplotyper, affords rat researchers the ability to compare the genomic haplotypes in the region among 48 inbred rat strains (18) . On the basis of mapped SSLP allele data, ACP Haplotyper visually represents shared blocks of conservation among the 48 strains, illustrating regions where the genomes of these strains differ and which might potentially house genes responsible for the observed phenotypic differences.
Comparative genomics. RGD has a wide variety of tools catering to comparative genomics and the use of both rat and mouse as models for human (Fig. 5) . In addition to the curation of rat data, RGD curates mouse and human gene orthologs, mouse QTLs (from the Mouse Genome Database), and human QTL data and has an extensive integrated comparative mapping environment built around the VCMap tool (19) . The incorporation of key data for all three organisms means that RGD is of great value to any researcher doing comparative genomics among any of the three species. This is especially powerful because of the annotations for phenotype, disease, and Gene Ontology (molecular function, biological process, cellular component) that are curated across all three species. Shared vocabularies provide the perfect framework for informatic comparisons between organisms and greatly enhance the potential data mining opportunities stemming from comparative studies.
Comparative genomics can be broken down into two phases: the initial identification of the primary region in organism 1, followed by identification and exploration of the homologous region(s) in organism 2. It is possible to enter RGD with gene, sequence, or QTL data from any of the three organisms and navigate to the homolog or homologous region in the other organism(s). VCMap provides the most comprehensive search and visualization features. A wide variety of maps (e.g., genetic, radiation hybrid, cytogenetic, genomic) can be loaded for all three organisms and integrated via the common comparative maps. Rat QTLs can be aligned with counterparts in human and mouse, corroborating the shared phenotypic association between the genomes that has been demonstrated in many previous cases (9) . RGD QTL and genes are also linked to the Vista (7) and Evolutionary Conserved Region (ECR) Browsers (14) , which provide two-way and multiple genome sequence comparisons, respectively. Traditional sequence comparison tools such as BLAST are also available to assist in homolog assignment for those genes currently without curated orthologs.
Once the homologous region has been identified in the other organism(s), the tools are much the same as were described previously for QTL analysis after positional cloning. The significant addition is that the Gene Annotation Tool and VCMap contain data for rat, mouse, and human, providing a one-stop solution for data annotation across all three species.
Expression analysis. The rat is a popular system for expression profiling studies, most often microarray analysis, particularly in areas such as toxicology where it is projected to become one of the primary test species for new compounds. RGD has a variety of tools that can be employed at various stages of an expression analysis project (Fig. 6) . The various rat chips from the major manufacturers such as Affymetrix and Agilent are the most common platforms in use, so the role of RGD in these cases is to aid in the annotation of the probe sets. For researchers looking to design their own arrays or utilize alternative expression analysis techniques, the gene, EST, and sequence data contained in the database are of most interest. To create a targeted custom chip, one might use the Quick Search or Ontology Browser to locate genes with specific ontology annotations (e.g., genes found in a particular cellular component or involved in a specific pathway) or on a specific chromosome or chromosomal region.
Once an experiment has been performed, annotation of differentially expressed sequences is the primary objective. For single genes or ESTs, the standard query interfaces provide the best route into the database, and tools such as VCMap and the Genome Browser will also work with individual identifiers. However, in most cases, a larger number of targets will have been identified, necessitating a bulk annotation of all the targets with key information for subsequent manual review. The Gene Annotation Tool (GA Tool) was designed with this role in mind and accepts a variety of inputs relevant to microarray analysis, including gene symbols, GenBank accession numbers, Affymetrix Probeset identifiers, EntrezGene identifiers, and SwissProt identifiers. The annotations returned for each input sequence can include data collated from RGD and the three other key databases, EntrezGene, UniProt, and KEGG. The GA Tool accepts input data from rat, mouse, and human, making it a very useful annotation application for expression studies in multiple organisms. The GA Tool output can be in the form of a flat file for subsequent analysis in Excel or other informatic tools or, alternatively, a HyperText Markup Language (HTML) table with hyperlinks to records in all the included databases. The HTML version can be saved to provide a convenient jumping-off point for further exploration of the results. Once a connection has been made to a gene record within RGD, the user can then follow many different paths for data mining as described in more detail below.
Functional genomics. From a data analysis perspective, ascribing function to genes is required for one of two reasons: the function is broadly known but the gene that is responsible is unknown, or the gene is known but its function(s) is not. The former scenario is typical of candidate gene selection in a QTL region, and the latter is found when attempting to relate differentially expressed genes from a microarray experiment http://physiolgenomics.physiology.org/ back to the original experimental condition. Approaches to solving these problems using RGD are shown in Fig. 7 .
Much of the functional or "biological" content of the database is captured primarily in ontology annotations and also by text annotations describing features such as expression and regulation conditions curated from the scientific literature. The Ontology Browser can be used to query the database for genes associated with a particular phenotype, disease, pathway, or Gene Ontology term (covering molecular function, biological process, and cellular component). This will return a list of matching genes and QTLs with their positions on the genome visualized on the Gviewer component. As an alternative, the Quick Search also utilizes ontology annotations and searches free text notes, which may return hits the Ontology Browser omits. Sequence searches using BLAST provide a further avenue for functional exploration; blasting an existing gene or domain possessing the function of interest may highlight related genes potentially possessing the same functional characteristics.
When presented with a gene and the need to acquire as much relevant information as possible about that gene and its function, many of the same tools are used but in the reverse direction. Ontology annotations available for that gene will give good indications about the known function; annotations available for homologs at other databases such as the Mouse Genome Database and EntrezGene may also be invaluable. VCMap may predict a homolog in mouse or human where one has not yet been curated by RGD staff. At this stage, it can be useful to utilize databases and tools outside of RGD for additional evidence. RGD genes are integrated and linked to many of the key biological data repositories, each of which contains a wealth of additional data worth investigating (Fig. 8) .
DISCUSSION
The rat is a very important model for physiology and complex phenotype analyses and, with the recent release of the rat genome sequence, has become one of the premier systems for physiological genomics. The RGD curates and integrates published rat genomic data from the literature and other data repositories with the goal of providing a single unified data set and online environment for researchers utilizing the rat. The potential users and uses of the database have been expanded by comparative genomics as researchers seek to incorporate additional data from other species. As the needs of the users have grown and become more sophisticated, RGD has developed unique bioinformatic tools to better support these needs, making RGD a critical part of their research toolkit.
RGD contains much of the standard information available in most model organism databases: maps, genes, strains, markers, and sequences. However, a particular focus of the rat system is the mapping of complex phenotypes and the translation of these findings to human. In support of this, RGD is unique in incorporating QTL data from rat, mouse, and human and gene homolog data from mouse and human. The driving force behind much of the tool development has been to enable users to get at this data in ways that accelerate the research process. Tools such as Genome Scanner use the microsatellite data to directly aid in the selection of reagents for use in the lab; the Radiation Hybrid (RH) Mapserver takes PCR results from radiation hybrid mapping panels and returns genomic locations on the standard Medical College of Wisconsin RH map (12) . Many of the other tools aim to assist in hypothesis generation by integrating and/or visualizing data in ways that help a researcher. The Genome Browser provides a way to comprehend the genomic environment of a gene and allows the investigator to upload their data onto the browser. ACP Haplotyper shows how the genomes of inbred strains compare with each other at the level of a haplotype, and VCMap provides comparisons with other species. Data annotation applications such as the Gene Annotation Tool package a wide variety of information for the interpretation of microarray results and, as with all data in RGD, provide links to external databases for further data exploration.
Rat research and rat data are part of the far bigger physiological genomics revolution, being driven by high-throughput experimental techniques and by large-scale bioinformatic data analysis. Comparative genomics provides the traditional "Rosetta Stone" for interspecies translations; however, the emerging ontologies and data standards are enabling "comparative informatics," and this promises to be an equally powerful tool in translational research. At the molecular level, tools like Gene Ontology are revolutionizing the ability of researchers to analyze gene function across multiple organisms. At a higher level, the mammalian phenotype ontology implemented in RGD is being codeveloped with the Mouse Genome Database and will result in standardized descriptions for phenotypes across the primary rodent model systems. As these are implemented in other databases such as the Medical College of Wisconsin PhysGen database of rat cardiovascular phenotypes (http://pga.mcw.edu) or in mouse mutagenesis databases, one can imagine being able to find not only genes, strains, and QTLs for a given phenotype but also available rat and mouse animals complete with phenotypic measurements and comparisons. As more of these standardized vocabularies are introduced and implemented across diverse data sources, more opportunities for physiological genomics tool development will be presented that should prove to be highly beneficial to the field.
APPENDIX
Box 1: Step-by-Step Example of Annotating a Genome Region
A common task for many researchers is the annotation of a genomic region that has been defined by QTL analysis or shared homology with another organism. The three main tools used for this analysis are the Genome Browser, the Genome Annotation Tool and the GA Tool. In this example, we use a region that we hypothesize has been identified by positional cloning and is flanked by the microsatellite markers D1Rat5 and D1Rat10. Each of these tools will also accept genomic coordinates to define the boundaries of the region of interest, in addition to the symbols of known genes or markers.
Genome annotation tool. 1) Go to http://rgd.mcw.edu/ sequenceresources/genome-annotation.shtml.
2) Enter the flanking data for the region of interest: "D1Rat5-D1Rat10."
3) Select the sequence features you wish to retrieve for this region [one or more of EST, sequence tag site (STS), mRNA, Known Gene, and RefGene].
4) Click "Submit." An HTML page will be returned listing the sequence features in the region, ordered by their genomic location. In this example, using the data at time of writing (Genome Build v3.1), 243 STS markers and 48 Known Genes were found in this region. Along with the basic genomic data (symbol, chromosome, start and stop positions), known human and mouse homolog symbols are shown as are links to Online Mendelian Inheritance in Man (OMIM) for appropriate human genes.
GA tool. Used for annotating a list of genes, identified by their symbol or other accession number, the GA Tool is unique in that it also integrates data from EntrezGenes, UniProt, and KEGG into the resulting annotation data. The GA Tool can also be used to annotate genes found within a particular region of the rat genome, identified by flanking markers or genomic coordinates (this option is not yet available for human and mouse regions).
1) Go to http://rgd.mcw.edu/gatool/.
2) Select "Chromosome Location" under the type of data being submitted.
3) Select the sequence features (output types) that should be retrieved for the region of interest, e.g., "Ref. Seq." 4) In the right-hand panel, enter the flanking marker data or chromosomal coordinates into the Chromosome Location box. In the example used here, enter "D1Rat5-D1Rat10" into the box.
5)
In the various database sections below, you can check off the information you would like annotated onto the sequence features selected in step 2 that are found in the region requested. A basic selection to get an overview of a gene and its function might include i) RGD Gene Symbol, ii) RGD Gene Description, iii) RGD Gene Ontology Terms, iv) RGD Phenotype Terms, v) KEGG Gene Symbol, and vi) KEGG Pathway Name.
6) In the output section at the bottom of the page, you can select either HTML format for online viewing or various text formats for importing into other applications. Tab delimited is a good selection for import into Excel.
7) Click "Submit." An HTML page (or plain text page) will be returned listing the sequence features found within the region selected, along with the selected annotations of those features if the annotation exists. The annotations are hyperlinked back to parent database so further exploration is facilitated. By saving the HTML results of a GA Tool annotation run, the page can provide a useful jumping-off point for exploration of the annotated data set.
Genome browser. The Genome Browser allows the visual inspection of a region, showing the features, annotations, and their physical positions relative to each other, a very different perspective to the tabular listings of data created by the tools above.
1) Go to http://rgd.mcw.edu/sequenceresources/gbrowse.shtml.
2) To focus on the same region as before, we have to enter the genomic coordinates of the markers. i) To obtain this information, enter "D1Rat5" in the "Landmark or Region" field and click "Search." The browser will refresh showing just D1Rat5 and listing its genomic coordinates at the top of the page ("Showing 128 bp from Chr1, positions 10,818,666 to 10,818,827"). For our purposes, we will use the start position, 10,818,666. ii) Repeat this process for D1Rat10 to obtain its end position, 25,274,122 bp.
3) Enter the genomic coordinates for the region of interest preceded by the chromosome number: "Chr1:10818666..25274122." 4) Clicking "Search" will return an image of the 14.6 Mb that are flanked by D1Rat5 and D1Rat10.
5) RGD provides a wide variety of annotation tracks for use on the Genome Browser, including genes and other sequence features such as ESTs, SSLPs and SNPs, QTLs, functional annotations, microarray expression levels, and more. A basic starting point for exploration of a region might include the following tracks: RGD Genes and RHMap3.4 Markers (SSLPs and ESTs mapped on the RH map v3.4). Select these tracks and click "Update Image" to redraw the image.
The Genome Browser has many options for data display, including the ability to upload your own annotations to visualize against the RGD annotations. More information on customizing the display can be found by following the link to "Help" in the "Instructions" section of the Gbrowse page.
